Gastric cancer is the fourth most common type of cancer worldwide and is associated with high mortality rates. The incidence of gastric cancer varies widely in different geographical regions. For example, in Iran, the most northern and northwestern regions are considered to be high-risk areas for gastric cancer. The aim of the present study was to determine the distribution of human papillomavirus (HPV) genotypes among patients with gastric carcinoma in Mazandaran province, Northern Iran, which is a high-risk area. A total of 100 paraffin-embedded tissue samples were obtained from 70 males and 30 females with gastric carcinoma, diagnosed between 2006 and 2013, in the Imam Khomeini Hospital (Sari, Iran). GP5+/GP6+ general primers were applied for detection of HPV DNA in the specimens. Positive samples were then selected and high-risk HPV genotyping was performed. The samples were analyzed by polymerase chain reaction and five (5%) samples were identified to be positive for HPV DNA [four male (5.7%) and one female (3.3%)]. Three (60%) samples were positive for HPV-16, one (20%) sample was positive for HPV-18 and one (20%) sample was positive for HPV-45. Following pathological diagnosis, 88 samples were identified as gastric adenocarcinoma, nine samples were gastric lymphoma, and three samples were gastric and esophagus adenocarcinoma. According to the findings of the present study and the rate of HPV infection in patients with gastric carcinoma, an association between HPV infection and gastric carcinoma in subjects from Northern Iran was not identified.
Introduction
Gastric cancer is one of the most common types of cancer and is a leading cause of cancer-associated mortality in the world (1) . Approximately 22,220 patients are diagnosed annually in the United States, of whom 10,990 are expected to succumb to the disease (2) . Gastric cancer is more common in men than in women in developed and developing countries (3) . Furthermore, the incidence of gastric cancer varies in different geographic regions. Rates are highest in Japan, Korea, China, Chile, Costa Rica and Brazil where the incidence is >20 per 100,000 person-years in men. The intermediate-risk areas are Italy, UK, Germany, the Netherlands and Turkey, and the low-risk areas are USA, Canada, Sweden, Denmark, Egypt, India and Australia (4, 5) . Comparative studies between Western and Asian countries demonstrate significant differences in the incidence and survival rates of gastric cancer; therefore, ethnicity is a possible risk factor (1) . The most important and common cause of gastric cancer is excessive consumption of salt, smoking, long term subjection to nitrosamines in food and drinking water, as well as microbial infections, such as Helicobacter pylori and certain viruses, including the human papillomavirus (HPV) (6, 7) . Helicobacter pylori causes chronic gastritis and progresses to atrophic gastritis, intestinal metaplasia, glandular dysplasia and eventually gastric carcinoma (8, 9) .
HPVs are non-enveloped, circular, double-stranded and relatively small DNA tumor viruses with a genome of ~8,000 base pairs (10) . These viruses infect cutaneous and mucosal epithelial tissues, which cause a wide variety of diseases from skin and anogenital warts to laryngeal papillomas and anogenital intraepithelial neoplasias, which often progress to malignancy (11) . Thus far, >100 different types of HPV have been identified and certain strains of HPV are associated with different risk levels of the transformation into various types of human squamous cell carcinoma (12) . HPV is classified into two groups: Mucosal infection HPVs and cutaneous infection HPVs. Each of these groups is divided into high and low risk (12, 13) . The low-risk HPV types, such as HPV6 and HPV11 commonly cause benign warts and low grade premalignant lesions that regress and do not progress to cancer. The high-risk types of HPV, including HPV-16, -18, -31, -33 and -45 are associated with the development of certain mucosal epithelial cancers, such as cervical, anal, vulvar and penile cancer, as well as oral, laryngeal, esophageal and possibly gastric cancer (14, 15) . It has been demonstrated that ~20% of oral cancers, particularly oropharyngeal carcinoma in patients who do not use tobacco and alcohol (the most common risk factors) are also at high risk of being HPV-positive (16) .
In Iran, the incidence of gastric cancer differs according to the risk level (high, intermediate or low). The northern and northwestern regions are high-risk areas for gastric cancer, whilst other geographical areas are intermediate and low risk. Possible environmental risk factors are proposed as a reason for this variation (5) . A strong spatial clustering of gastric cancer in men and women is reported in the Mazandaran province (17) . However, there is paucity of information regarding the prevalence of HPV in gastric cancer in the north of Iran and also around the world. The current study was designed to determine the distribution of HPV genotypes among patients with gastric carcinoma in Mazandaran province, northern Iran between 2006 and 2013, using polymerase chain reaction (PCR).
Materials and methods
Gastric cancer sample collection. A cross-sectional study was performed in which 100 paraffin-embedded tissue samples of gastric cancer were investigated. All samples were from patients that were diagnosed between 2006 and 2013 at the Imam Khomeini Hospital Infection Disease Center (Sari, Iran), which is in Mazandaran province, Northern Iran. The patients included 70 males and 30 females (mean age, 69.61±12.25 years). A questionnaire was used to obtain further information regarding smoking habit, alcohol consumption, weight loss, family history of gastric cancer, anatomical sites of tumors, pathological diagnosis and metastasis.
Preparation of samples. Sections (thickness, 5-10 µm) were collected in sterile micro tubes. To prevent cross-contamination, sharp blades were used and gloves were changed between each sample cutting. To deparaffinize the samples, the paraffin-embedded tissues were saturated in xylene (30 min), then incubated in a graded ethanol series (1 min each) of 100% ethanol (dehydration) to 40% ethanol, then with double-distilled water for rehydration for 10 sec. (Table I) .
HPV detection and genotyping. General primers, GP5+ and GP6+, were used to amplify the L 1 gene (Table I) . PCR was performed using 1X PCR buffer (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), 3 mM MgCl 2 (Invitrogen; Thermo Fisher Scientific, Inc.), 0.2 mM dNTPs, 0.5 U Taq DNA polymerase (Invitrogen; Thermo Fisher Scientific, Inc.), 25 pmol each primer, 500 ng genomic DNA and sterile distilled water to a final volume of 25 µl. DNA was first denatured for 5 min at 94˚C and 40 cycles of the following were performed: Denaturation for 1 min at 94˚C, annealing for 1 min at 48˚C and elongation for 1 min at 72˚C. An additional cycle was also performed for 10 min at 72˚C. The HPV positive control was the HeLa cell line (HPV-18 positive). Finally, 10 µl of each PCR product was analyzed by 2% agarose gel electrophoresis (90 V, 30-40 min). A HPV HCR genotype-EPh PCR kit (Amplisens, Voisins-le-Bretonneux, France) was used to determine the HPV genotype in positive samples. A total of 12 high-risk HPV genotypes, specifically 16, 18, 31, 33, 35, 39, 45, 52, 56, 58, 59 and 66, were examined. PCR amplification for detection of the 12 HPV genotypes was run in three tubes. HPV-positive and -negative samples were included for each sample that was run.
Gel electrophoresis. To determine the HPV genotypes, PCR products were examined by 1.5% agarose gel electrophoresis. All of the amplified products were different lengths, therefore, genotypes of the virus were analyzed by electrophoresis and visualized by an ultraviolet light trans-illuminator. Bands of appropriate size were identified by comparison with DNA molecular weight markers, which are a set of known DNA fragments. The adequacy of the DNA in each specimen for PCR amplification was determined by detection of the β-actin gene.
Statistical analysis. The χ 2 test and Fisher's exact test were performed to determine the association between the presence of HPV DNA and smoking habit, alcohol consumption, weight loss, family history, anatomical site of tumor, pathological diagnosis, and metastasis. SPSS software (version 14; SPSS, Inc., Chicago, IL, USA) was used for the analyses. P<0.05 was considered to indicate a statistically significant difference.
Results
Demographic findings. The positive rate of HPV DNA in the specimens was 5% [4 men (5.7%) and 1 woman (3.3%)], which indicated no significant difference (P=1.000) between genders for HPV infection.
Genotype findings and clinicopathological factors. Gel electrophoresis results for HPV and high-risk HPV types obtained 
Primer
Sequence (5' to 3')   GP5+  TTTGTTACTGTGGTAGATACTAC  GP6+ GAAAAATAAACTGTAAATCATATT β-actin (forward) CTGCCGTTTTGCGTAGGAC β-actin (reverse) AGGCGTACAGGGATAGCAC using specific primer amplification are shown in Figs. 1 and 2 , respectively. HPV-16, -18 and -45 were detected in 5 (5%) of the HPV-positive samples (Table II) . The 100 samples were classified into three groups based on the pathological diagnosis: 88 Samples were gastric adenocarcinoma, 9 were gastric lymphoma and 3 were gastric and esophagus adenocarcinoma (Table III) . Based on the location of the tumor there were three groups of samples: 35 Samples were from the cardia, 62 samples were from the body of the stomach, and three samples were from the lower third of the esophagus and upper stomach. The HPV infection was identified in different anatomical locations of the stomach as follows: Two (40%) cases were positive in the cardiac region, one (20%) case was positive in the body of the stomach and two (40%) cases of patients whose upper stomach and lower esophagus were also involved were positive for HPV DNA. The rate of infection with HPV in patients with gastric cancer who were smokers was 6.3%, and there was a significant association of HPV infection with tumor location, tumor histology and metastasis (Table IV) .
Discussion
In the present study, the rate of HPV infection in 70 males and 30 females was 5.7 and 3.3%, respectively. No significant association was found between gender and HPV infection. HPV DNA was identified in 5% of tumor tissue samples using Gastric adenocarcinoma  Gastric lymphoma  Gastric and esophageal adenocarcinoma  Total   Yes  3  0  2  5  No  85  9  1  95  Total  88  9  3  100 HPV, human papillomavirus. (18) proposed that the gastric cardiac region is not a target for HPV-induced carcinogenesis. However, HPV-16 was the most common type identified in the upper digestive tract in a study reported by Xu et al (7) . In addition, Yuan et al (19) did not detect HPV in gastric cancer in China. Erol et al (20) investigated 106 gastric cancer samples and identified HPV DNA in 33 cases. The difference in the results among studies indicates the requirement for further investigations. In the present study, based on pathological diagnosis, HPV infection was observed in gastric adenocarcinoma (3%), and in gastric and esophagus adenocarcinoma together (2%). All gastric lymphomas were negative. Based on the anatomical site of the tumor, the rates of HPV infection were 40% in the cardiac region, 20% in the body of stomach and 40% in the upper stomach and lower third of esophagus. To the best of our knowledge, categorization based on anatomical sites, has not been conducted previously. Three cases in the present study were patients who presented with esophagus and gastric adenocarcinoma, and with adenocarcinoma of the lower third of the esophagus and the upper stomach together. According to our results, the HPV-positive percentage in these cases was higher. In conclusion, the question remains as to whether the infection of gastric cancer samples is affecting virus migration from the esophagus to the stomach. Few studies have been conducted on this topic globally, and the existing results are not conclusive. Furthermore, the association between HPV and gastric cancer cannot be confirmed with the present results and further investigations are required.
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